The paper presents the calculation results on the construction of solidus lines of phase diagrams for some binary metal systems based on cadmium, zinc and tellurium. The investigations have been carried out using the phase equilibrium thermodynamics and known liquidus lines. By the calculation method the solidus lines of phase diagrams of the Cd-Na, Cd-Tl, Te-Ga, Te-As, Te-Cu and Zn-Sn systems were constructed in the temperature range from the base component melting point to the eutectic transformation temperature. In the Cd-Tl, Te-As, Te-Cu and Zn-Sn systems a retrograde solubility of the second component in the solid phase was observed. The temperature and maximum solubility values at the retrograde behavior of solidus lines, as well as, the limiting solubility values of components at eutectic transformation in the systems based on Cd, Zn and Te were determined.
Introduction
The investigation of the equilibrium phase transformation in the two-component metal systems is among the main problems of materials science. Although there are equilibrium deviations in any real system, the equilibrium phase diagrams serve as a basis for understanding of many phase transformation processes.
Whereas almost all the binary metal systems in the liquid phase possess a unlimited solubility, for many systems the mutual solubility of components in the solid phase is low (<1 at.%). Studying examples of phase dia-grams (PD) of systems with a low solubility, being crystallized by the eutectic scheme, it should be noted that the complete mutual insolubility of components in the solid phase is a limiting case.
On the other hand, the base solid solutions with weakly soluble impurities are formed in the near temperature interval of crystallization. Therefore it is impossible to construct experimentally PD solidification curves (solidus lines). As an example we can mention such systems as two-component cadmium and zinc systems and binary tellurium systems [1] .
One of the ways for constructing solidus lines can be the calculation method taking into account thermodynamics of phase equilibriums and parameters of known PD liquidus lines. The thermodynamic approach with the use of a current computer-aided techniques permits to calculate PD unknown sections and thus to reduce significantly the scope of experiments on their construction [2] .
The aim of this study is to develop the calculation method for construction and analysis of PD solidus lines for binary metal systems with weakly soluble components in the solid phase.
Problem Definition
During formation of limited solid solutions the solubility maximum is reached, as a rule, at a temperature of three-phase equilibrium-eutectic (x SBE , Figure 1 ) or peritectic one. However, in some systems the solubility maximum of B component (x maxB ) corresponds to a higher temperature (systems with a retrograde solubility). A retrograde solubility phenomenon usually is observed in the systems with a weak solubility [3] .
One of parameters, being characteristic for the interphase equilibrium, is the equilibrium distribution coefficient
, where x SB and x LB are the B component concentrations in solid and liquid phases at corresponding temperatures respectively.
Proceeding from the suppositions, valid for ideal diluted solutions, in 
where the exponent α is determined by the formula suppose a probable occurrence of the retrograde solubility. At the same time Equation (2) and α [7] , in the present paper we have chosen, as a subject of investigation, binary systems on the base of cadmium, zinc and tellurium. Besides, in [8] proposed was the calculation method for graphic representation of phase diagrams of two-component metal systems in the region of low component concentrations. Also there given are the plotted PD of cadmium, zinc and tellurium with some elements in the region of low impurity concentrations (from x SB < 0.1 at.% with extrapolation up to zero concentration).
So, a problem of the present study was to construct, by the calculation method, the solidus lines in the region from the base component melting temperature to the eutectic transformation temperature and to reveal a possible retrograde solubility in the binary systems containing Cd, Zn and Te.
Calculation Method
The first stage of calculations for determining the initial values of solid solution concentrations near the base component melting temperature was to construct a liquidus line into the region of concentrations x LB ≤ 1 аt.%. The construction has been performed by the method of extrapolation of the equation for PD liquidus curve into the region of the impurity component zero concentration (the method is described in [6] [8] ).
To determine the values of solid solution concentrations in the concentration range from x LB ≥ 1 at.% to the eutectic we have used the liquidus line values x LB from the experimentally constructed PD [1] .
Using the expression of [9] [10], the solidus line for the temperature dependence of the equilibrium DC was constructed with taking into account the thermodynamic parameters of two components 0 0 lim ln ln 1 Using the determination of the equilibrium distribution coefficient
, Equation (3) can be described in the following form 0 lim ln ln 1 Table 1 gives the thermodynamic parameters used for the calculation of the second component concentration in the solid phase x SB (T) and for the subsequent construction of solidus lines of the systems under consideration. To construct the solidus line the values x SB were obtained from Equation4 that has been solved using the mathematical packet Mathcad.
Results and Discussion
In Table 2 given are, as an example, the concentration values x LB at a variable temperature T and corresponding calculated concentrations x SB for the Zn-Sn and Cd-Tl systems, used for construction of PD solidus lines. Similar tables were also made for other systems studied below. Figure 2 presents the assumed solidus lines constructed for the Cd-Na, Cd-Tl, Te-Ga, Te-As, Te-Cu, Zn-Sn systems according to the calculated values x SB .
As is seen from the plotted PD, in the Cd-Tl, Te-As, Te-Cu and Zn-Sn systems a retrograde character of the solidus line becomes apparent. A maximum solubility of Tl in Cd is 1.42 at.% at a temperature of 229.87 degrees Celsius, As in Te-0.065 at.% at 384.34 degrees Celsius, Cu in Te-0.701 at.% at 229.87 degrees Celsius, Sn in Zn-1.82 at.% at 322.3 degrees Celsius. The results obtained are in agreement with the prediction on the possibility of retrograde solubility appearance, made by authors of [5] using the negative values of the exponent α in Equation (1). The proposed method permits also to determine the limiting solubility of components in eutectic transformations (Figure 2) . In Table 3 given are the maximum retrograde (x SBR ) and eutectic (x SBE ) solubility values and corresponding temperatures T R and T E for the binary systems containing cadmium, zinc and tellurium under study. To verify the validity of Equation (4) application for the solidus line construction we have carried out calculations for PD with an experimentally determined explicit retrograde solubility in the region of significant solubility. It has been evidenced by the Co-Cu phase diagram demonstrating a distinct retrograde solubility [1] . The retrograde behavior of the Co solidus line was observed in [11] . A maximum solubility of Cu in Co is reached at a temperature of 1367 degrees Celsius and makes 19.7 at.% [11] . The solidus line, constructed by this method, coincides with the solidus line obtained by the generalized experimental data with a relative error of about 3.5% [1] . The calculated maximum solubility of Cu in Co equal to ≈ 19.7 at.% is reached at the same temperature T = 1367 degrees Celsius. A good agreement of calculated and experimental values is also observed for the limiting solubility in eutectic transformations.
For several systems based on Cd, Te and Zn with a low solubility of the second component we observed a retrograde solubility that confirms the assumptions made in [9] . According to [9] the retrograde solubility should be observed in the cases when the eutectic point is notably below the melting temperature and the solubility in the solid phase is low.
In our case the retrograde solubility has been observed in the system for which the eutectic temperature is by 100 degrees Celsius below the base component melting temperature and in the systems where this interval is less than 30 degrees Celsius it is not observed.
Analysis of results obtained shows a weak (~2% ··· 6%) retrograde solubility, as compared to the limiting solubility in eutectic transformations, for the Te-Cu, Te-As, Cd-Tl systems, and a higher (~43%) deviation of the retrograde solubility for the Zb-Sn system. Probably this is related with a high value of the partial enthalpy of tin dilution in zinc.
Conclusions
1) The calculation method for constructing the solidus lines of phase diagrams of binary metal systems having a low solubility in the solid phase has been proposed. By this method the phase diagrams were constructed for binary metal systems based on cadmium, zinc, tellurium in the range of the second component concentrations from 0.01 at.% to the eutectic line.
2) For the Te-Cu, Te-As and Cd-Tl systems a weak retrograde solubility of the second component in the solid phase (from 2% to 6% as compared to the limiting solubility in eutectic transformations) was found. In these systems the retrograde solubility temperature is by ~20 ··· 30 degrees Celsius higher than the eutectic transformation temperature. For the Zn-Sn system a higher deviation of the retrograde solubility (~43%), with the difference between retrograde and eutectic temperature near 124 degrees Celsius, was found.
3) For the first time the calculation method was applied to obtain the maximum solubility and temperature values with the retrograde behavior of liquidus lines, as well as, the limiting solubility values for the components undergoing eutectic transformations in the systems based on Cd, Zn and Te.
